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Abstract
This study extracted production forests and estimated the annual available amounts of forest 
biomass resources under profitable forest management. Production forests were extracted as 
sub-compartments where expected revenues surpassed all costs, from planting to final harvest-
ing, for a 60-year rotation. These revenues and costs were estimated for two types of timber 
harvesting systems (a conventional operation system using a chainsaw and mini-forwarder, 
and a mechanized operation system using a processor and forwarder) and three types of forest 
biomass harvesting systems (normal extraction, landing sales, and no biomass extraction) in 
each sub-compartment using a geographic information system. Then, annual available 
amounts of forest biomass resources were estimated on the basis of annual supply potentials 
from production forests. The model was then applied to Nasushiobara City and the Kanuma 
area in Tochigi Prefecture, Japan. As a result, the number of profitable sub-compartments was 
estimated as 2,814 out of a total of 5,756 in Nasushiobara City, and 22,872 out of a total of 
32,851 in the Kanuma area. The annual amounts of available forest biomass resources were 
estimated as 11,849 m3 y–1 and 115,213 m3 y–1 in Nasushiobara City and the Kanuma area, 
respectively. These amounts largely exceed the annual demands of a 500 kW woody biomass 
power generation plant planned in Nasushiobara City (6,000 m3 y–1) and a chip production 
factory located in the Kanuma area (12,000 m3 y–1), respectively.
€1 = 143 yen on March 13, 2011
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is	expected	to	contribute	to	revitalizing	forests	and	
forestry	 product	 industries,	 which	 have	 been	 de-
pressed	for	the	last	30	years.	Maintaining	the	relevant	
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governments,	were	analyzed.	Private	individuals	and	
organizations	along	with	local	governments	own	7,340	


























Fig. 1 Stand species of Nasushiobara City
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3. Methods
































































Table 1 Direct operating expenses
Machine Operation Expense, yen m–3 System Reference
Chainsaw Felling 53 / Vn + 65 Both Nakahata et al. 2011
Chainsaw Processing 39 / Vl + 329 Conventional Nakahata et al. 2011
Processor Processing 207 / Vl + 161 Mechanized Nakahata et al. 2011
Mini grapple-loader Bunching 1,999 Conventional Nakahata et al. 2011
Grapple-loader Bunching 1,199 Mechanized Nakahata et al. 2011
Mini forwarder Forwarding (769 + 0.508 Lf) / Rf Conventional Nakahata et al. 2011
Forwarder Forwarding (378 + 0.301 Lf) / Rf Mechanized Nakahata et al. 2011
Truck Transporting (778 + 0.031 Lt) / Rt Both Sawaguchi 1996
Vn – stem volume, m
3 stem–1; Vl – extracted volume per stem, m
3 stem–1;
Lf – forwarding distance, m; Lt – transporting distance, m; Rf and Rt – loading capacity rates
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	 	 system	(Sawaguchi	1996)						  (4)
The	expenses	of	the	landing-establishment	L	(yen)	
were	estimated	by	the	following	equation:
 L	=	187.63 V       (5)
Here,	V	is	the	extracted	volume	per	hectare	(m3	ha–1).	





Table 2 Cost estimation
Normal extraction Landing sale No biomass extraction
1 2 3 1 2 3 1 2 3
T F T F T F T F T F T F T F T F T F
Felling X X X X X X X X X
Processing X X X X X X X X
Bunching X X X X X X X X X
Forwarding X X X X X X X X X
Transporting X X X X X X X X X
Landing establishment X X X X X X X
Machine transportation X X X X X X X
Garage maintenance X Y Y Y Y X X X X
Incidental personnel X Y Y Y Y X X X X X X
Overhead costs X Y Y Y Y X X X X X X
Handling fees X X X X X X
1 – first thinning; 2 – second thinning; 3 – final felling
T – timber; F – forest biomass resources
X – entire cost consideration; Y – cost consideration according to timber and forest biomass volumes
Fig. 3 Average slope angle and strip road density
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and	 log	 prices:	 11,000	 yen	m–3	 for	 Japanese	 cedar,	
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area	 in	 consideration	of	 the	 regeneration	 costs	de-
creased	to	31%	and	49%,	respectively,	with	the	conven-
Table 4 Profitable sub-compartments with normal extraction
Nasushiobara City Kanuma area




















First thinning 19 80 0.3 2.2 4.9 10 35 0.0 0.1 11.2
Second thinning 1,634 1,752 28.4 47.6 9.6 10,399 8,135 31.7 33.2 21.6
Final felling 1,812 1,839 31.5 50.0 9.4 12,355 10,268 37.6 41.9 21.4
Total without R* 1,530 1,452 26.6 39.5 8.8 10,682 8,250 32.5 33.7 21.5




First thinning 0 0 0.0 0.0 0.0 0 0 0.0 0.0 0.0
Second thinning 2,161 2,609 37.5 70.9 11.9 16,155 19,139 49.2 78.1 22.7
Final felling 5,550 3,628 96.4 98.6 9.5 32,822 24,502 99.9 100.0 21.5
Total without R* 3,218 2,968 55.9 80.7 9.6 21,058 20,920 64.1 85.4 21.6
Total with R* 1,022 1,352 17.8 36.8 9.3 7,927 8,589 24.1 35.0 21.2
*Regeneration expenses
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tems	 and	 areas,	 the	 profitable	 sub-compartments	


















4.4 Most economical timber and forest biomass 









Table 5 Profitable sub-compartments with landing sales























First thinning 2,095 1,328 36.4 36.1 5.9 4,419 1,894 13.5 7.7 9.9
Second thinning 4,760 3,430 82.7 93.2 9.6 32,532 24,430 99.0 99.7 21.6
Final felling 5,645 3,652 98.1 99.3 9.6 32,713 24,475 99.6 99.9 21.4
Total without R* 5,755 3,679 100.0 100.0 9.7 31,941 24,281 97.2 99.1 21.1




First thinning 2,095 1,328 36.4 36.1 5.9 4,419 1,894 13.5 7.7 9.9
Second thinning 2,335 2,322 40.6 63.1 7.6 11,009 12,416 33.5 50.7 17.7
Final felling 5,756 3,679 100.0 100.0 9.7 32,851 24,509 100.0 100.0 21.5
Total without R* 5,423 3,570 94.2 97.0 8.9 31,680 24,191 96.4 98.7 21.0
Total with R* 2,648 2,484 46.0 67.5 8.9 21,029 20,328 64.0 82.9 20.9
*Regeneration expenses
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Nasushiobara City Kanuma area




















a 3 M2 M2 734 713 0.97 18.0 12,841 12,691 0.99 25.2
b C1 C2 C2 97 336 3.46 25.0 334 1,177 3.52 25.6
c C1 C2 M2 27 70 2.57 3.7 29 71 2.43 12.8
d C2 M2 M2 153 199 1.30 6.2 1,044 869 0.83 11.8
e C2 C2 C2 974 395 0.41 13.6 9,082 4,980 0.55 24.8
f C2 C2 M2 3,639 1,424 0.39 6.5 9,209 3,032 0.33 13.8
g M1 M2 M2 132 544 4.12 17.5 312 1,691 5.42 24.2
Total 5,756 3,680 0.64 9.7 32,851 24,509 0.75 21.5
C – conventional operation system; M – mechanized operation system
1 – normal extraction; 2 – landing sale; 3 – no biomass extraction
Table 6 Profitable sub-compartments with no biomass extraction
Nasushiobara City Kanuma area























First thinning 5,756 3,679 100.0 100.0 9.7 32,851 24,509 100.0 100.0 21.5
Second thinning 3,302 3,001 57.4 81.6 9.8 21,495 21,259 65.4 86.7 21.5
Final felling 4,827 3,447 83.9 93.7 9.4 32,713 24,475 99.6 99.9 21.4
Total without R* 3,786 3,186 65.8 86.6 9.9 29,941 23,781 91.1 97.0 21.0





First thinning 5,756 3,679 100.0 100.0 9.7 32,851 24,509 100.0 100.0 21.5
Second thinning 1,844 1,983 32.0 53.9 7.2 8,195 9,546 24.9 38.9 17.0
Final felling 5,756 3,679 100.0 100.0 9.7 32,851 24,509 100.0 100.0 21.5
Total without R* 4,915 3,448 85.4 93.7 9.2 31,303 24,107 95.3 98.4 21.0
Total with R* 2,213 2,201 38.4 59.8 8.7 19,230 19,557 58.5 79.8 21.4
*Regeneration expenses
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a	 total	of	32,851	sub-compartments	 in	 the	Kanuma	
area.	The	numbers	of	profitable	sub-compartments,	



























(6,000	m3	y–1)	and	a	chip	production	 factory	 in	 the	
Kanuma	area	(12,000	m3	y–1),	respectively.







Nasushiobara City Kanuma area
Profitable Rate, % Profitable Rate, %











No. of sub- 
compartments
Area
a 3 M2 M2 538 588 73.3 82.5 9,674 11,616 75.3 91.5
b C1 C2 C2 90 311 92.8 92.6 330 1,148 98.8 97.6
c C1 C2 M2 27 70 100.0 100.0 29 71 100.0 100.0
d C2 M2 M2 153 199 100.0 100.0 1,044 869 100.0 100.0
e C2 C2 C2 704 270 72.3 68.4 7,603 4,397 83.7 88.3
f C2 C2 M2 1,175 715 32.3 50.2 3,882 1,647 42.2 54.3
g M1 M2 M2 127 520 96.2 95.6 310 1,676 99.4 99.1
Total 2,814 2,672 48.9 72.6 22,872 21,423 69.6 87.4
C – conventional operation system; M – mechanized operation system
1 – normal extraction; 2 – landing sale; 3 – no biomass extraction
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a	 500	 kW	woody	biomass	power	 generation	plant 
scheduled	to	be	built	in	Nasushiobara	City	and	a	chip	
production	factory	in	the	Kanuma	area,	respectively.	
Table 9 Supply potentials and available amounts of timber and forest biomass resources in Nasushiobara City, m3
Supply Potential Available Amounts
Timber Biomass Total Timber Biomass Total
First Thinning 0 182,561 182,561 0 134,549 134,549
Second Thinning 211,657 281,187 492,844 155,163 206,134 361,297
Final Felling 1,360,737 508,925 1,869,662 989,899 370,229 1,360,128
Total 1,572,395 972,672 2,545,067 1,145,062 710,912 1,855,975
Annual 26,207 16,211 42,418 19,084 11,849 30,933
Table 10 Supply potentials and available amounts of timber and forest biomass resources in the Kanuma area, m3
Supply Potential Available Amounts
Timber Biomass Total Timber Biomass Total
First Thinning 0 1,526,346 1,526,346 0 1,345,625 1,345,625
Second Thinning 1,712,658 2,275,270 3,987,928 1,506,232 2,001,033 3,507,264
Final Felling 10,874,773 4,067,236 14,942,010 9,534,935 3,566,128 13,101,063
Total 12,587,431 7,868,852 20,456,283 11,041,167 6,912,785 17,953,952
Annual 209,791 131,148 340,938 184,019 115,213 299,233
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Such	measures	will	 ensure	 coordination	 among	 a	
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